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- $OUND MEASUREMENT AND VENT S| ZE DETERM NATI ON METHOD
ND OF THE | NVENTION 1. Field of the
“%ﬁgﬁgﬁg%%nt invention relates to the field PFQEEQ@P&%IH
aids and nore specifically to hearing aids and
nmet hods utilizing in-situ occlusion effect or in-situ
directly transmtted sound neasurenent. In addition,
the invention relates to a nmethod for vent size
determ nation, a nethod for fitting a hearing aid
based on neasured in-situ occlusion effect, and a
hearing aid with a custom zed ear plug. 2.
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sonmeone speaks, sound is likely to propagate through

bone conductlon to the inside of the ear canal. The
sound pressure level at the ear drumdue to the
person speaking is likely to increase on occluding
the ear canal relative to the un-occluded ear cana

since the sounqrgﬂg? @ﬁe¥ r anynore.
The occlusion effec RF%ﬁgﬁere %?gNgﬁggK%gscrlbed as
the | ow frequency boost of own voice that occurs when
the ear is occluded. Users may thus perceive their
own voi ce as hollow or boom ng, which in particular

1. Fsel@Bndyiimg:ritibnt heir hearing loss is small in the | ow
frequencies. Typically, the occlusion effect is
alleviated by drilling a ventilation canal in the.
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di spenser can only listen to the conplaint of the
user and advise the user to get used to the occlusion
effect .or drill a larger hole through the plug.

2. BReBNSon dfhPaNdtegattar for CI C and I TE hearing aids,
drilling a |arger vent is not possible, and would
t herefore demand the production of an entirely new
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spaakh soupers dke to prapeeats Erepgh bore conduction to the %5|de of the
ear canal. The sound pressure leve! at the ear drum due to the person speaking is

likely to increase on occluding the ear canal relative to the un-occluded ear canal,

since the sound cannot escape the open ear anymore.

The occlusion effect is therefore also described as the low frequency boost of own
voice that occurs when the ear is occluded. Users may thus perceive their own
voice as hollow or booming, which in particular is annoying if their hearing loss is

small in the low frequencies. Typically, the occlusion effect is alieviated by drilling a



Usual |y the occlusion effect is renmedi ed by venting
W t hout know ng an exact value for an appropriate
vent size just to attenuate the | ow frequency part of

YoosPUsd source within the ear. For exanpl epcidkDoos/065125
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wherein occlusion effect is defeated by providing a
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countered by tuning the compressor to suppress the gain in low freguencies.

Regarding vent size determination, it is the slandard practice when ordering a
custom plug to decide on the vent size based on rules of thumb developed through
expérience. The plug will then be manufactured by, for example, a rapid prototyping
method including a vent with a diameter as ordered. By the current practice it is

therefore not possible to predict the occlusion effect very well.

Another important acoustic property of an ear plug is the propagation of sound
from the outside and directly, i.e. not amplified by the hearing aid, into the inner part
of the ear canal which is called diréctiy transmitted sound. Directly transmitted
sound may interfere with signals output by the hearing aid causing to decrease the

speech intelligibility and overall sound quality for the user.



~ According to the first aspect of the present
invention, there is provided a hearing aid for
in-situ occlusion effect or directly transnmtted
sound neasurenent, wherein said hearing aid is
adapted to switch between a normal hearing aid node
and a neasurenent node and conprises: at |east one
first mcrophone being adapgied to generate a first
I nput signal from sounds external to a user of the
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5 The directly transmtted sound can be neasured by
turning off anplification in the hearing aid,
appl yi ng.an external acoustic stimulus signal and
measuring the sound outside and inside of the hearing
aid. If the person is in conversation, the hearing
aid can be able to single out signals that are |ouder
out si de than inside the ealg canal, therefore

necessarily due to external acoustlc stimuli. -
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- hearing aid mode into said measurement mode, causing said receiver to be
silent, and carrying out the following steps: simultaneously generating said flrst
input signal and a second input signal, wherein said second mput signal is
generated by a second m[crophone from sounds in the occluded ear of the user,
converting said first and second input signals into first and second band-split
input signals, respectively, in a plurality of frequency bands comprising at least
one frequency band below approximately 1 kHz; and calculating at least one
occlusion effect or directly transmitted sound value from the difference between



It is exanpl e enbodi nent to provi de nethods, which

allow fitting of a prospective hearing aid based on

the occlusion effect. According to an exanple

enbodi nent, there is provided a nethod for fitting a

hearing aid to a user. The nethod conprises

cal culating at |east one occlusion effect value for

sai d user mearlng the heariing aid with an in-situ

occl usi on ef f ect neasureneﬁ met hod as descri bed
theh@djtﬁimleael@ &fysait eboshidngnd Hiestdmmddiplit inputre@malseofethe at least

n hearin ed on the cal cul ated
ond frepusrity B RN cePEI BRI R ue. 11 i 5 anot her
exanpl e enbodi ment to provi de nmethods, which allow
u [,C. V. e r
RS BARGH o, 3RO INRRAL Peb R SREARIAD 1 Smount of
ocghosion difiegt bo daecthyx hiapdreittetHssdindemesentfor ennsdlpid@al deer, by -
q : .
peﬁorﬁﬁh@% mfeggur\éﬁ{btnt%vlﬁt%blfj ghg lo'fﬂé?%étﬂ{}?ér% tﬁnaerji;gﬁe{ gﬁgrrl]ng aids
woTTh by rte luser aayway.sBus puithar allewal toyaysngli tiermeciisianeffect or
thedir tlg.?t%F\ertf %l}?ﬁ(’cﬁgﬂﬁé'u‘éér Q@cﬂ?ﬂﬁ&qﬁ!ri@né‘é@
occluding sald ear, sinultaneously nmeasuring a first
sound | evel external to the ear of the user and a
second sound level within the occluded ear,
cal cul ating an occlusion effect for the user fromthe
di fference between the second and the first sound
| evel s, and determ ning the vent size for said
heari ng ai d-based on the cal cul ated occl usi on effect.
Thus, it is suggested to fit a prospective hearing
aid user provisionally with, for exanple, a BTE
hearing aid with a soft plug and not a custom zed
plug and then neasure the occlusion effect. Based on
information fromthis neasurenent, it is possible at
the stage of ordering a custom plug to nmake an
i nformed deci sion about the size of the vent. 7
Accordi ng to anot her exanpl e enbodi nent, the
occlusion effect or directly transmtted sound
nmeasurenents are used for deriving a nore accurate
mat hemati cal nodel of the acoustic properties of the
plug and the vent. The nodel can be used to eval uate
possi bl e nechani cal nodifications so-as to provide
information for a targeted nodification of the vent
i f necessary. According to another exanple
enbodi nent, there is provided a hearing aid
conprising a custom zed vented ear plug, wherein the
si.ze of the vent of said ear plug is determ ned by
using a method as descri bed herein. The exanpl e
enbodi ment, according to further aspects, provides a
system of in-situ occlusion effect nmeasurenment by use
of a hearing aid in a.fitting situation as well _ as a
conmput ef program-and a conputer program product as
recited in clains 27 and 28.



Furt her specific variations of the exanple

enbodi nents are defined by the further dependent
claims. Other aspects and advant ages of the exanple
enbodi ments can beconme nore apparent fromthe

fol l owi ng detailed description taken in conjunction
W th the acconpanying drawi ngs which illustrate, by
way of exanple, the principles of the exanple
enbodi nents of invention. | EF DESCRI PTI ON OF THE
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Fig. 2shows a flow chart of a nethod according to an

enbodi nent of the
According to an embodiment, the hearing aids and methods are not only directed

to measure the occlusion effect, but to measurerboth the occlusion effect as well
as the directly transmitted sound through a vent in the plug ora leakage between
the plug and the ear canal as well. Occlusion effect may occur only when the
user himself speaks or utters. Directly transmitted sound may occur only from
sound sources external to the user. '

Itis therefore another example embodiment to provide hearing aids and methods
which are capable to distinguish between sounds in front of the ear drum
resulting from occlusion effect or from directly transmitted sound.

In another exainble embodiment, there is provided a hearing aid and a method to
determine whether in at least one frequency band the sound level at the front of
the ear drum is larger than that outside the ear and if this is the case to classify
the input signals as valid for occlusion effect calculation. In the other case, if in at
least one frequency band the sound level at the front of the ear drum is smaller
than that outside the ear, the input signals are classified as valid for calculating a
‘value of the directly transmitted sound from the first and second input signals. If
however the sound level at the ear drum and/or the sound level externally to the
ear is below a certain limit, the input srgnals are disregarded and, e.g. added toa

noise buffer.

For occlusion effect measurement, the stimulus signal may be the sound of the
hearing aid user reading aloud or speaking. If the hearing aid user is in
conversation with someone else, it is still possible to measure the occlusion

effect,



present invention; Fig. 3shows a hearing aid
according to an enbodi nent of the present invention;
Fig. 4shows a hearing aid according to another
enbodi nent of the present invention; Fig. 5shows a
hearing aid according to still another enbodi ment of
the present invention; Figs. 6a-6c show plots
vi sual i zi ng the occl usi on fect according to
enbodi nents of the present Y nvention; Fig. 7shows a
as fth@Wthﬂg taidtad icmetah]eotoasmgieobmgo:t measuensodisigras tfat are

Iouder |n%|d% tﬁan o'u side Ehe ear canal, therefore necessaniy due to the hearing
aid wearer speaking.

It is example embodiment to provide methods, which allow fitting of a prospective
hearing aid based on the occlusion effect.

According to an example embodiment, there is provided a method for fitting a
hearing aid to a user. The method comprises calculating at least one occlusion
effect value for said user wearing the hearing aid with an in-situ occlusion effect
meaeurement method as described herein and by occludirig the ear during
measurement and fitting the hearing aid based on the calculated at least one
occlusion effect value. '

It is another example embodiment to provide methods, which allow automatic
vent size counselling for a hearing aid based on in-situ occlusion  effect

measurement.

According to an example embodiment, there is provided a'method for vent size
determination for a hearing aid by means ~of in-situ occlusion effect
measurement. The method comprises provisionally providing an ear of a user
with a prospective hearing aid and occluding said ear, simultaneously measuring
-~ afirst sound level external to the ear of the user and a second sound level within
the occluded ear, calculating an occlusion effect for the user from the difference
between the second and the first sound levels, and determining the vent size for
said hearing aid based on the calculated occlusion effect. |

Thus, it is suggested to fit a prospective hearing aid user provisionally with, for
' example, a BTE hearing aid with a soft plug and not a customized plug and then
measure the occlusion effect. Based on information from this measurement, it is
possible at the stage of ordering a custom plug to make an informed decision
about the size of the vent. :



Fig. 8shows a flow chart of a nethod according to an

enbodi nent of the present invention; Figs. 9 and 10

show plots visualizing the frequency dependent vent

effect and the occlusion effect according to o

enbodi nents of the present invention; Fig lshows a

flow chart of a nmethod according to an enbodi nent of

the present invention; and_Fig. 12shows a bl ock

di agram of a system accordi'ng to an enbodi ment of the
ActareBgnto iamotieri exampESERbBTintv{ OheEMBCDIsMENEHeC oT Hirectly

I NVENTI ON When descri bin h vent cor
R e CREPRBEenly M uped HEF AHTETE Holg dcburate
. matiescatidaé dnaue! fob| thevexoustic properties. of the plug and the vent The
model can be used to evaluate possible mechanical modifications so as to

provide information for a targéted modification of the vent, if necessary.

According to another example embodiment, there is provided a hearing aid
comprising a customized vented ear plug, wherein the size of the vent of said ear
. plug is determined by using a method as described herein.

The example em'b'odiment, according to further aspects, provides a system of in-
situ occlusion effect measuremént by use of a hearing aid in a fitting situation as
well as a computer program and a computer program product as recited in claims
27 and 28. '

Further specific variations of the example embodiments are defined by the further

dependent claims.

Other aspects and advantages of the example embodiments can become more
apparent from the following detailed description taken in conjunctlon with the
accompanying drawings which illustrate, by way of example, the principles of the
example embodiments of invention.

BRIEF DESCRIPTION OF THE DRAWINGS

The invention will be readily understood by the following detailed description in
conjunction with the accompanying drawings, wherein like reference numerails
designate like structural elements, and in which: ' '

Fig. 1 shows a block diagram of hearing aid according to a first embod.imeht

of the present invention;



The occlusion effect (CE) is defined as the
di fference between the sound levels just in front of
the ear drumin the occluded versus the un-occluded
\ﬁﬂﬁooﬁ{ﬁ’/kﬁ t he user speaks or vocalizes soundp@ffeiiidsizs
the hearing aid is not actigre. The sound uttered by
a user is generated in the throat (glottis) as
har noni cs of a fundanmental frequency, and is shaped
y the area function of the vocal tract. The sound
Ff@g@ner 28howss prkvichas eff @ roeihad caacsardietuiel ans emboHimgnd of the
bone c t; nd, the latter in form of
Vi brat‘?{gggﬁlﬁ% ighlskull In the ear canal, mainly the
Figarti | shgiwsows hparing odidt Aecoeding clanah  eadiodiresntsolutise  present
into tln\?en‘?%ﬁ canal . This sound mainly propagates out
of the open ear, but in case the ear is occl uded,
Figrdi nl ysHohe hdw;afrmgcwermyorﬂargt toohindthes esigltinent of the present
propagates. to the eardruminstead. This increases the
| ow fr@ﬁﬂi’ﬁ@y sound pressure at the eardrumin the
Figeec! udgdvead heéirRf did@ct@dingao ¥bH agsthbeeshbedifment BEthe preserit
occlusion effect therefore refers to voiced sounds
gener d0&tBY; t he user, and depends on both the
a f
FE OIS RS A 1L NSRS Brobl ARSI G50 i dfnens
effectofdm)emgnbnverﬁ@ﬂphyy cal properties of the
reil 0 f .t o 0 .
Figk ur o 4ck AT Ehaff st TofEbo BRG S i o Hilladimpgt of the
duri ng;r@smitume@nom‘easurenents since the sound source
. i§ the users The, di rect transmt
Fidk Bund SPANS0S IR GHOH 012 TP e eingh (G e rEs
def i negeastii@ntbhf erence between the sound | evel s
just in front of the ear drumin the vented ear

Figge? a0d 18 shemdrlotshesealizingf the Heequeaey dppendeghsehieffect and the

Person,. fis@n diflet Q&éo‘?&ﬂgﬁf emﬁeﬁ%%tsoasf tHQ ‘b?éée%?ﬁwéﬁ’ﬁaﬁd

or the user listens n external sound source, e.
Figa1l ou@@pwak@rﬂowmhaﬁ afhe metbed jasceidingnte Qﬁdemh@ﬁmaﬁg of the

hearin (g ¥ az%]%,tlve A nmeasurenent at the

out Si ese?“ ch ﬁga?l ng aid, i.e. by the nornal :
Figmi2r oghowe spbicchelidygami ofga aysiem'mobﬁlgassarr@dnﬁmﬁiment of the

represent accurately the sound | evel at the ear drum

at | e&EESFONVEBIAYs at frequencies up until 1 kHz.

This is satisfactory, as there are no significant

occl usi on problens at frequenci es above that.

According to a first aspect of the present invention,

an enbodi nent is based on di agnosi ng the anount of

occl usion effect present for an individual user, by

per f or nﬁ)EQCRI%W%&MEWIM{E}M%@E@*@H&%ENW@N evel s

at the inside, i.e. at hte receiver side, and the

outsi de of the hearing aid wthout any other
WhieESdelqu!@ﬁBmgsthbhlgnenﬂf? 2&&1&31| ﬁgiaﬁﬁ’éﬁld &ﬁ@ﬂ&?&é@ﬁﬁlﬁhmmvm be

t he heari aj anal yzing and visuallzing this
USESRUGH é%&%s%‘yeﬁ% Bf%S-fitting software. This

quantifies the occlusion effect that the user

experi ences.
The occlusion effect (OE) is defined as the difference between the sound levels just

ent Sof the

in front of the ear drum in the occluded versus the un-occluded ear while the user

speaks or vocalizes sound and when the hearing aid is not active.



Ref erence is now nmade to Fig. 1, which shows a bl ock
di agram of a hearing aid 100 according to the first
enbodi ment of the present invention. The hearing aid
wWPIRshsss @ first mcrophone 10 transform ngpéfep2006/065125
acoustic input signal intog¢n electrical first input
signal, an ND-converter (not shown) for sanpling and
digitizing t he anal ogue el ectrical signal..The so.
processed first input signal is then feed into signal
Thpsourd sttagdnivan Sl iSegenctaippriB o Nt @) ats iryaics of a
fun@!at%‘éii{aii ‘ﬁ%h p%iiidﬁé gﬁ‘éz;ieobéiy RPLxk, %n&m‘ﬁ%ﬂh@%%i tract. The
i ord an” out put sign
som’elagem@atemisspreem@iasat ednmctecﬂiesoue@rasr wgllianenigeries conducted
The 0 ver 30
soufih 18 e b’ o BRI LI o SRR ohofiE) 4ined g mainy the
carBiagds papubPie sargralal rﬁﬁﬂebmhﬂgntal tﬂefaﬂrtdwel ThiS sound
ri ses, a second m crophone eratin cOo
mairi'iggiopgeawéiw oD e BUASHT, B Hecasea g a8 oS 6’?"’””'3’ the
lowl &UEREY partlte tih@@éuiﬂﬂ Rpdghes 8 RRDEAdHAN FitdRD “ﬂhi?s iacreases
nmeasur enent nod ‘1)' his'is, e.g., contraolled
thefipw ficagerer %cmdearg@swqa ﬁt:theoﬁeﬁdiiitgm Bolhpecebded rar Eﬁiat"fe to the
un- é@éiﬁ(ﬁé@%gr q{helc{c%u%iq{]c ot GO rbRd P&e&%r\}o%d%dimag%enerated
rtt earing aid measur enent
by lmetie;seirhendl @er;wlndprme:s:sin rtgeneamslgpdmbatﬁw ehst pnwcal

oo GRERER 2 S PRy RIS, LRI ot govencs

on tRPYhyStangbpedienasfahetabidadinats phe cfare ddrnmrahds a sound
while the recejver. is silent. Accord

sousehod] hrvRfore  neeaigl uFon™Ept e 8T ua%ﬂyﬁd djring  occlusion

meQLdle esiémﬁice\fﬁ’é Y8snd ddifcd Ranseuad dweasies.e |evels
f%%’;ﬁof the input signals are stored in nenory 70 of
the heari ng aid. According to an enbodinent, the

Th %UII I%%[l §9ERG §§i§edaﬁiré&a§r5né?ﬂi§s@ﬁn§'aiﬁpiDitG) is
'? For“convert i ng e input signals

defin@t:imsbaiedd:ﬁqaiente |biapMEensi|hgrm1L@ddf2v%is p,lSuFi"aPrpiﬂfyOfd e ear drum in

f band
the GLENREL Pl VR B 9F (B SP oF (Bt e FRIS ABMEET eI, o the
disyEHsee, is #ds bregstaliepe solint her fifeeqsmnins}emxarhmism external sound

Accordi ng to anot he odi nent ari
s%%@@@i’wdﬁeew(aiwgiﬁ iﬁ% Ws65 0t slg ‘ﬁ i’é"’ t@%gﬁagpg aid is ot
act@ ai d frequency bands independently to produce a

and-split occlusion effect value. For exanple, the
signals are divided into 15 different WD
B 1 ifer &oPhbhe of the
A e I BPRRe T a RS i e PO MR R es
hea&mgnaidi saproedaseonat td eas"ﬁsérdraaﬂueat@aﬁde eued gV HeL, the ear

dru%@m ﬁ)ﬁ spHigcri]seg %ﬁlil,erﬁﬁ flipt LFrﬁii I?Wz ggis"’i% gafis?%ctogr )'713 there

arelrRSdignifitdt casludiehroblaatiad neqﬁem@er ahmgfetthateshol d,
fine tuning etc takes place. The occl usion ef f ect

measurenent nmay take place imediately after the

d@tﬁi LQry fil@Hspe NG Wl hreBONY BO=HIRSC anb&tbyditient is based on
ACre qgéﬁcayeﬁtsg F?S sh oé/&eng a flow chart 200.. The

diapreeaingghai ampents af tczfzﬁlasglo.nn effeple RAFE BN aﬁo@élvc%{aéwsef by
| e, i.e. at hte
periitlng feSiplpt BF2e FAR fresduleietal Aone phote.
r*smansﬁdeuiami the autsideaf theshéarningt aifl wiiipubayhathsr Eslumgats than
second m crophone records the sounds as second i nput
signals inside the ear canal at the ear drum (step
220). In the measurenment node, the hearing aid is
i nacti ve which nmeans that no sound is produced by the
receiver. This can be achieved by switching off the
receiver: driving the conpressor not to produce any
out put signal or any other appropriate nmeasure
readily apparent to a skilled person to ensure that
the receiver is silent. The occl usion effect
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anot her enbodi nent, the occlusion effect is

calculated as the calibrated rati o between the second

wo'Rgossgnal frominside the ear canal and tperkploddossizs

I nput signal fromthe firsyymcrophone, cleared for

noi se and shown in a visualization neans 90, for

exanpl e a graphi cal user interface on a conputer

connected the fitting software. The occlusion effect
thedgreingsaidranscaiaedng and weualzdg Bfs measuseenpbydaeiong fiting
soffyléiel 1S ouafieS SROBLILIRY LIS WA e i BEAIRS,

I Ced phone has a nost 'no or even
negatlve occl usion effect, whereas /eee/ can produce

up to sone 20 .d 0 uenci Qr_even
RefPaisa OO et Ruebah Wir LTSNS pREH SladfBihs A Tebriagia 100
accbi@ngay art fageeribodilbat dTRb & pebsest hbertdhore, that the

occl usion effect during regular speech is recorded,

thus providing a fuller picture of the tinme- and

Th%'h%ﬂﬁh %@%B&gﬂéesosoﬁrgksmoﬁﬁr@cﬁo AfanktormgPeh eebY&’ input
t he™ user he neasured occl usion effect is

sngmiamtpmelanfucamfg@tanwuzt@wriah arh/Drpanviergr ot shew® fgpsampling

ool PRI Rt PN A S bay ey g

thequizetii fyo nggrtdheprocedsusi oreseff Bt a anmlpmessﬂﬂngeh@wfmg an

nmuch the venti| ation. canal d, i
cle o Rl hY ah° BB o Gl g BERRG e fyrour
SIQlﬁ’a[Qﬁélt !@lhﬂaaﬁﬁ?maﬁnﬁpérismdd toMpasuser l’lagqulirlameots: ITIhSIsogna[ path
fect ideal demans i mul t neor Epertrent ? ¢
furtbﬁve cgwaﬁaﬁeg@g@&\'@r 4 %ra}mgj UFmeiSy tftCﬁ OH CF GiRgT into an
acdR@ic %[lﬁ;--& QighBe Twa r@%ﬁh%ﬁﬂfmér ca_tlﬂSnﬁsfé @é@d’r@emidﬂo&%ne 40
e .

“bet we goe two spectra gives the freguenc -

gertaramgdepeﬁmmpuwgwufmm spuids in theocsyded SpF é%% an the user.
0 i

ThebsplSe A Edpatie do RARER U i Rer i SREFE B0, o i, o9

corftrofigd ey fp)mg soﬁwa{hei?’@cﬂmulﬁoaallyt benrfestad vg 2n ehterface or /O

m.cr r ox the n t
o B0 oo P B TR LSRR Mt B g i e
me!éﬁlrem-@hﬁ mfiRldNther Sgh pesBsihy raedresapiodgeed alt IHHstranmmcéusmn
which is usuaII used for neasu %thef ound f d dth first
cffath sl ok R JIEATeRRG CaMEeR e eyl Brraar B SHrghd SRl the f
mpﬁ‘tegibhﬁg %ér%r&t@ﬂ BRI R AL s pfe UiBRA ap§ WhiRERSUIRARAY is silent.
device for sound pressure in_the un-occl|uded ear.

AcMiﬁQd@/ a1 Z3BRaTaRPATD etolesiensefiest vakies and glseoingl signal
t ! FnBBASYW bBHakh&re stored in
vaifD L T2l S LY @ed TrpBemp ot
mesiognal owhd hdzeindestri bed with reference to Flgs. 3-5
According to embodinents, the sound pressure at the
eardrumin the occluded ear is assessed either by use

Acd&frdnhb% RACEhN&TimehY thes ﬁe@fngaaiidtfuhhen crbnﬁp rcseepﬂh(mfst ahedand-
recelver side of the hearin

split {ilRs (BehFemBdon YRENG oo} U?éw%gn% SRR Uﬁﬁﬁ‘ﬁ%@na's of

a pRirarfty 3k rfr%ﬁhé aﬂa%a‘Th@%eéhﬁl WS HentHed deer g hRaRSion effect
us, accor g to enbodi nments, the second nicrophone

valies onglireatty aammutteﬁaaounﬁ cragshisnat lsast an%@ﬁs&h%aewé%w bands.
Acch dlﬂ an%w%%%wﬁgﬂﬂ ?hep‘hgé fi’]nr)(ﬁe@%sels' th@ tf%ﬂ\% split input

M Cr D one ect i onal ophone or of
s;grm!mnaleatr*yl off Saﬂdcfreﬁmeonyaé)alnds anﬁ@zmdﬁgti)aﬁ@ pr@d@e a band-spiit

ool o VL TEY BLASE, He' Yo LAC Ribed ifio! 7B UWireront



According to the enbodinent in Fig. 3, a receiver 330

is used as the second m crophone in hearing aid 300.

Thus, the said second m crophone 40 at the receiver

w%iz‘ﬂﬁ‘s/dl%zg' .1 is not necessary here. The adM@ni@9&/065125
usi ng the receiver as igternal mcrophone lies in

the ease of application and el egance of the

nmeasur enent, since a probe tube nmeasurenent or

external equi pment i s unnecessary. Measurenments have

frequeowt pands ened thecegalsion eﬁﬁe&:Pbrfaeailrecﬂéérﬁrﬁgﬂtqﬁatsound is
prollicdtPst 148Gt Offe Ban@nlibrioghene when connected as

e sensitivity nay be not as good as a hearing
~aid ntcrophone but t he sound pressure in the

Accoctgl dﬁ egh@oal he%{e%?ﬂgsa?d IS mo%mtsedI llnlthe eas dunn% fitting,

rofu I ng recerver connections

and hie nhaetaltatdtg t@t@l suct:IhES Hetemination Sf bmtn@édeﬁ&ﬂ&tﬂme tuning etc
[ oundggener r in nor

bei a rin e
tak G i e SHR P o AR G P@RaRE Mgt mITRdieIg after
theB&RdHtbRGte shArehwiliak®s oBl Reerishy Wwitg réfetérmgtoqngyz sbb\ﬁlng a
recei ver replaces the second ncrophone sensin

floveppait 20Phéhe dertine @ikigrsvdichefd é‘a}?‘ea$l{jﬁﬁr1§55m0de (step 210) in
§ * h d
wh;’éﬁ geé}ﬂ'neg[ %g r@ ?Bigg&ﬂ‘ ﬁ{;ﬁeéﬂrgjgahgrlt dh%ga@ﬂtseg" ertamIngb one records
thetsubed HUBIdTHe earatsdirsiibeuti sigretis aotdwe secaienigfopilige records
m cr ophone 0
the S EERh AR AE e Mgl sbafs 1 A8 A Bahy 3 Ror B ren 220)
In the atdaRgremeht riydd, rttseehearng; dithés jpacibe whible mawne thdiao sound is

edi bet h
profist ke W5r FEBNAT- 535, 0B B BHAJAELIET BlnipRacosiver
dm@ﬁf B RBRskhr ROl $B8udH ahe cutlie sighal be any atiephapeopriate

t he heari ng aid. The probe tube WD
memslreactlsaeme@@oeetﬂt%@ peEsoMtongrs e dhatrthp rgegiver is silent

Théj eﬂgélgél 4 e%aé}gqn#e%}rﬁgg Wﬂ?leptﬁ[ett!ls‘é‘x’"rééds a passage

Accordi ng
frorermtedt merna!kmg te.tge aac;no@gtsmpmem@eyssarm ttmfeﬂt@aﬁars @D @pice is

use%T I bgﬁhrge]e é/ggrar@.:mﬂzr?q %9%]%%}%’3%59 b?/otﬁl%lb%%?s nSRRRN recorded

one recei ver
simaitglee st ingideeaid ngside dne kar bhéra‘talnticwcngd an@odhmmtﬁ) 20,

andgrafo bhorere ShE oot Peseatals - ipy pepbIcet obd Busion
offedE MRIL A sty 2481 BEcardhd %‘tdnoﬁﬁtbobmntngtealodcmbh effect is
| east two m crophones, the one mcro hone

as
calauioniovet 11 NopHSNG & B AEsaaRaetRecBRPBrfatt aikfpeech o

the REESSUr e | evel in the case the other mcrophone is
occupied, i.e., by the probe tube for internal sound
pressure neasurement. By using a one-nicrophone

hear | aid 1., r he digha t
reqttdhe 38t Herd farhoiEh 8RR il 260 bR 3oRhd singls or the
occh@WhteRE R Y8 NIEE in W@tég@ meaigs by Uheg edbei a/remtemalsueresry 70 ora
datetz I?o%gllnng;t gsrtgrln %gtjari]gg er %’3 rFeg I}eenr}rgla,(%%g rtrt%glt'mg a%eand part
of the system as described with reference to Flg‘ 12. The stored signal and other

values are then transmitied to the fitting software 80 to be analyzed. Alternatively,

the signals are fed directly sample by sample to the software,



According to an enbodi nent, the nmethod conprises a

si mul taneous bil ateral neasurenent using a pair of

hearing aids, with one ear occluded and the other

VAP Ss/0 #7526t he neasurenent node, the sound pregSyERHG65125

si mul t aneously nonitored by, use of a first hearing

aid with a first mcrophone recordi ng sounds external

to a user and a second hearing aid in the other ear

of the user with a second m crophone,
ACEBRINtT raﬂ@mﬁﬁeewéeélmﬂhgﬂt%é’f@@aiﬁaseﬁ@ctt fe Cégwaé% mAs the
CaiW?étleB réf@bﬁﬁ@ene{hg seE@r?HjﬁlF QHHalfdePmir?sufi@N{e @é}sc%ﬁ%?and the

'east the receiver in the Second hearing a

fsrssllmmﬁtSIamaj frére bect nsisurmnro@htﬁ@ectclearedafomm@lseecanﬁr @!mwn in a
1 ff cenbet e I d_b
v1s*x%%ag% corﬁ n% go ﬁormgfa%sélg 2; q%zirl]gt}sls%gsirrﬁrt{?ﬁfagé go%u |¥0mpu’{er
coﬁmctddtﬁe(fiﬁlr@woﬁbuaom t he recorded sound pressure

| evel values are collected at one of the two hearing

aids or directly transmtted to the fitting software

Thé Ecthisibh REECtRIReRsS bR %cc[m% Gir@6das W 1€ GhéiSpreBucing the first
effect is calcul ated as

ancbe@@mlm@mﬁi@@o@woa@lwcq% PRonemes F¥rhrs Raahhsmaimost
no bl 8 @g?dﬂ@@%Y,clﬁQﬁaﬁterfi%cpfxvhbrheasslbg@laéan' ;ﬂoHﬁ‘@e 9;99:1 gélad 20 dB
ear rela at outside the ear
at kmazr fréqwﬂe’rmesr epeesemteei Msor Bsupifch has aﬂmmwl ihe occlusion
SI t uat ti S t .
o AR gL Y5356 i e, o
regpfa@@@eé@b%recﬂa&rdt efmhsaproelq!um adejpripictoreeat theetime- @ne signal

L uded and the ot Thus, both
orEHAE AU LR8I B o NEU UG UPFIa) do ( he oar

canal at -the ear drum according to this enbodi nent
Accordi ng to anot her enbodi nent, the mcr O}Phﬁ@ of a
The megsuesardohiian effed ippralipdorndaualizad Tnfe Hang egfiwere 80
sudhs @&ﬂéé@é %&mr%g%mx AR prg‘?%H{lﬁ% th‘é"‘l’\éa%hg aid). The
measur i e Intern sound pressure on the other
ressit de uséd tfnreqh@radymg tbarqcclgatoomffa:w and @serfdingeApWnguch the

B Y e

whith lig$ bélomﬁmoéd&ﬁn aeodmdbledintt, any nmeasurenent device
for neasuring the external sound pressure is used,
whil st the internal sound pressure is nmeasured with

MeSsdrhRr the cisort @H@ct%éél@pb@ﬂﬁndsaabslm|uttamébu§snmeasurement of
m crophone or a receiver m crophone of the hearin

the zound PressyTeyaldng GA6 ABMAELINEASHUGRE 57 8ng Jhiised-geguded ear.
Thée ﬁg% ﬁﬁ%ﬁﬁsélf%e%ﬁeé@ltﬁé%\ésmﬁﬁé&@ BRed AhONRquency- and time-

he sinul taneously neaSured external’ and
derientientnatclusion siftpoal Sharseunddorabswet aly tieo noR@ceiuded rrardrum

sof t war e. cor h et
dur@lgnﬁ‘f’? aWEEEL| 'S qq?éﬂgﬁﬁtﬁgd@;xi eﬁ}rg\ ng% Idl nt erH{a R, gi Ak fhe low
freclenep Plaitsofl theesmindoanthei Beamgphlddmmnmbﬁm Boanmemmateiy the
itting soft

. This i tai ned, f I
sarv B8 <3008 55 b e o B R, KNSRy 1 e
ThéM%bGHd aré@sfe?s&lw by hesed BRI niTaphers pESEs i msuaml,ay,nssd for
earing aids. Then, the calibrated ratio b
meaw@gﬁge seHBd fiven &ia B¥TFRUNCYdgraNd %*ﬂéd@@ﬁ? %ﬂ%g tPfhgearmg |
aid %‘éﬁ tH@H@ﬂﬂ Bl Gl aé“@'n@&s”?éh@rﬁ deRiedr e E&ehd hlekbing in the

tware for periods of silence, powerful noise etc.
un-occluded ear.
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case the user reads a text passage, the occl usion

effect is calculated as the ratio between the

wo MRsbsguency spectrum of the sinultaneousl yer/Ep2006/065125
recorded signals of the segond m crophone (occl uded)

and the first m crophone (non-occluded) respectively.
This gives a tinme and frequency dependent occl usion

effect. In order to rearrange data to give a better
In dred dellovanai prgbadidnenie rof i they, hagiegdaigt far bueasiiingf thehdrst (un-
oc%&g‘ﬁh@ ('ghseegéc;%gmﬁt BECIQ tuﬁd’u? gg;gglp\)gl | bg o%%k@!;’éoa%% reference to
Figsoltmiﬂncngjlmgmo mmﬂmhme)rﬁtsx thaaes&efuﬂupmwg amtlhemagdum in the
Occ?q occl usion effe val ue at .a cert

Ry sy ey BedReon v gettredy fff & Britn

midr§sidnke woul ﬂed@ﬁze@ 41@¢ rePWheli Bddringuhidobr ayousd of. ) .prae tube
dB at low frequencies. It is not only the occl usion

corpieetobasaren BeAa & THICFRBPNg of pAWSRIiIEhae ge8bthaid using

twdh R RYHbNes: Bhus, %CESFle?djtoe%bQleH%n%S th 1 ScoMdl rlmcﬂswﬁohe is not
descri.bed Wltlill reference to Fig. 11 show ng

an @Halitionalfmigrapdione b L ¢ 8RNy Mo 196 18 @mﬁ%hqvﬁnwhlcfrm present

h f t c t.:0

oo 0 SHERRRIECHLY YrdRohle nIEBRMIRIRR cr0L Ay o

midodgihones dn ,a Pegageaid, k@, doabaigusowiding iagh&rhedepehsnanterasnc
| i ke the dispenser. The fitting software runningly

INpUSHONAY the frequency dependent sound pressure |evels
fromthe internal and external m crophones. The sound

pressure at the external m crophone ggﬁ aplf gm ng*éﬁ;‘? \F/}
AcQOping dfelh angnpedigent dudiendedt eeVRherHdF 1SRE Lpdkspeond
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In case the user reads a text passage, also the ratio
of the long term spectrum gives the occlusion effect
according to an enbodi nent. The spectra are extracted
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As depicted in Fig. 6a-6¢c, at |east two different
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20 nmet hod now al so takes the occlusion effect into
account to determ ne an appropriate gain or an
appropri ate vent size for the hearing aid. According
wt(fa ppodi ment, the neasurenment of the occﬂ.@ﬁtﬁ@%mﬁﬂb
%ect I's made durlng pre-fd tting and/or during t
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These functions are used for correcting the in-situ
audi ogram ( Sensogran), the hearing aid gain as well
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the flow chart 800 of Fig. 8. In step 810, at | east
one transfer function of the hearing aid is nmeasured.
The transfer function could be, for exanple, a
measured feed back test or neasured DTG An effective
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determining that vent size as the effective vent size
that provides the best fit between a nunber of



23 size and a nunber of other vent sizes is
cal cul ated (step 830). Then the cal cul ated occl usi on
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As depicted in Fig. 8a-6c, at least two different curve- -views are possible. Accordmg
to the view as depicted in Figs. 6a and 6b, the OE is shown at certain bands as
function of time. Fig. 6a shows the OE during reading by the user as measured in
band 0. Fig. 6b shows the average of the OE over the three lowest bands during
reading by the user. Another view is depicted in Fig. 6¢, showing the Ok at a
certain ttmé t = 2.8 s as functlon of frequency during reading of the user. The two
plots as depicted in Figs. 6a and 6b, are drawn as time goes, following the

development in OE at e.g. band 0 as function of time. The gray curve at hte right



24 increase of the vent dianeter to 3 nmwould give
the. necessary 10 dB reduction relative to the 1.8 mMm
An increase in vent size from1.8 nmto 3 nm woul d
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I nvention, systens and hearing aids described herein
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During a fitting session, real-ear measurement is performed in order to match the
output ssgnal of the hearing aid to the hearing loss of the user. Typically, the

hearmg aid is fitted utilizing an in-situ threshold measurement procedure, called -
Sensogram. During this procedure, the user wears the hearing aid and responds {o
acoustic signals that are generated from the fitting software or by the dispenser for
a threshold response. The in-situ thresholds provide the initial gain settings for the
hearing aid. This procedure is also designed to take into account the residual ear
canal volume of the user and the individual acoustic properties of the hearing aid
shell or ear mould. The direct method of threshold estimation is intended to
minimize individual variability and real-ear errors in threshold measurements 1o

yield more accurate real-ear thresholds. According to the present invention, the



same, such as, e.g., digital signal processors,
anal ogue/ di gital signal processing WO
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neciRdb Hagatd GBfmeter@fAl.§2.5 mm according to ,e.g., a pre-calculated table
providing different vent size values for different OE reductions. Thus, an appropriate
vent size for a customized hearing aid for the user based on the measured

occlusion effect is determined (step 740).

According to another embodiment, the hearing loss may also be included in the
vent diameter determination, since users with high low-frequency loss simply does
not hear the occlusion effect in the same degree as a user with normal low-

frequency hearing.



1. A hearing aid for in-situ occlusion effect or
directly transmtted sound neasurement, wherein said
hearing aid is adapted to switch between a nor nal

\{;}?9[[05,5119,32'@ d node and a neasurenent node and perEp2eos
conprises: at |east one fip{st m crophone bei ng/E 05125

adapted to generate a first input signal from sounds
external to a user of the hearing aid; at |east one
signal processing neans; a receiver, a second

m crophone bei ng adapted to generate a second input
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whlﬁﬁllnﬁ’awméﬁ'q:ldrocﬂlﬁ%ga rRgs@irdzawdsr slag dorsihgnader palone 45 mpasured
~means | s adapted to generate a hearing | oss
00%&5\9@% ép %‘F‘“@Hi”{l c output signal fromsaid first
input signal, and said receiver is adapted to produce
an acoustic output signal fromsaid electri

Acasirdinallto anmiher aspectypfetngi AresAnk A1VgNHYh SR ouh{gg{t@m size
cou?]?%elgrt@ angacfsglll 'tilie Helatsﬁfed' t?ccﬂ%?cm Sttt An8 N ERdfeSRINGtion of the

| - second 1 nput signals into first and second
hesbimgcics sl froviderpand silgmay be deegipedt i vel y, in a

plurality of frequency bands conprising at |east one

frequency band bel ow approxi mately 1 kHz, said

In hEC QLY @ublighedi PEM appktasian dPsuijﬁOOpm&e@&nﬁ@uneﬁﬁ@oa and
is adapted to produc

systpdn Jer (gft;ngt a |r@g§!pg oﬁ‘ig durgllglgf}? ;,asgﬁﬁﬁg og! {ﬁé dgegg% ];] dpep‘fitcant and
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generated sound | evels of the second and the.f

unkpawd-fepdtions spghues SieyYRit §ﬁ@$t %Wéh%fj'rﬁ%tatﬁnsmﬁmm galn for an in-
site! %gg}f&ﬂ%%ggl ety RRAOXsEMAR! ¥f Ih&Hfirect transmission gain

represents the amplification of sound from the outside of the vent to the eardrum.
The vent effect is defined as the frequency dependent change in sound pressure at

the ear drum consequent to drilling a vent in the ear plug.

These functions are used for correcting the in-situ audiogram (Sensogramy, the
hearing aid gain as well as compensating for the direct transmission gaih by the

vent effect. According to an embodiment, in-situ occlusion effect and directly
transmiited sound measu;'ementé are used for automatic vent size counselling

taking at least one transfer function of the hearing aid into account.

According to an embodiment, the information obtained by the occlusion effect
measurement is used as an input to a possible change in the dimensions of the
vent. By measuring the occlusion effect during use of the particular plug for the
particular user, it is possible for the dispenser to quantify the users problem which
might be that the plug gives rise to an occlusion effect which is too annoying for the
user. In the literature it is described that the occlusion becomes a subjective
problem when the objective occlusion effect exceeds some 6-10 dB at 250 Hz

According to the method described with reference to Fig. 7, an estimate is obtained



27 2. The hearing aid according to claim1, wherein
in said measurement node said receiver is used as
said second m crophone generating said second i nput

“;3%%58241%323 The hearing aid according to cl a'%?ﬂﬂpzoosmssns

aid hearing aid is, a behind-theear hearing
aid and said second mcrophone is a built-in
m crophone of the hearing aid, further conprising a
probe tube having a first end being coupled to said
fro@ﬂ@ﬁ@bltﬁﬁ;@i @ﬁ@ﬂﬁ&)\/\ar‘mﬁcb tbewentisiea@hbelﬂr@ innsasee@dn order to
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directly trans ted sound
fromiTBRsS HicaBBR, FBheTledrafont, it éapossiale do sstivate weal vaglddiappen

. Is adapted to

wingpaa e sdin e BT I AL by R i, e

venBlvSs FRIURIHAS 8§ dict:bd b @sd measurkdrGE. i cr ophone bei ng
adapted to generate a first input signal from sounds

external to a user of the first hearing aid; at -
For e?(gﬁnﬁoi Qﬁe u!sérsﬁasségﬂé’isg?écp@%sﬂ PEn PRagis4 dR Trie Sliysical vent

size is 1.5 mm@ The method as descrlbed in Pl()tT?[[:P2005%55305 estimates the
effective vent size to be 1.3 mm. The d;screpancy may arise due to a longer vent or
a large residual volume, the effect of which is included in the effective vent size. If
the OE should be lowered to below 6 dB, we would need an 8 dB decrease of
sound pressure at 250 Hz. The method from PCT/EP2005/055305 may inform that
this can be obtained by increasing the effective vent diameter to 2.5 mm@, that this
increase would mean that the risk for feedback is still low, and that the DTG wouid
increase frequencies above 300 Hz. Another example shows that a given increase
in vent diameter would lead to a significant increase in the risk for feedback. In that
case, the recommended increase in vent diameter would be a compromisé between

the occlusion relief and.the increase in risk for feedback.

It is now described how the determination of a vent size producing an occlusion
effect which is tolerable is achieved by using the method as shown in the flow chart
800 of Fig. 8. In step 810, at least one transfer function of the hearing aid is
measured. The transfer function could be, for example, a measured feed back test
or measured DTG. An effective vent size for said hearing aid is then estimated by
determining that vent size as the effective vent size that provides the best fit
hetween a number of predetermined transfer function values and the measured

transfer function (step 820). The vent effect corresponding 1o the said effective vent



wherein said second hearing aid conprises: at |east
one second mcrophone; at feast one second signa
processi ng neans; a second receiver, a second band

wi l)§/01f7§ lter; and wherein in said normal he
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irectly transmtted sound fromthe difference
bet ween si mul t aneously generated sound | evels of the
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contain frequency dependent vent effects corresponding to a number of effective
vent diameters. This is illustrated in the Fig. 8 for three differént vent diameters. It

is assumed that the feedback test estimates the effective vent diameter to be 1.8

mm:

An occlusion effect measurement may give a result of 15 dB in the low frequencies,
as shown in Fig. 10. Since studies have shown that an occlusion effect of less then
6 and in particular about 5 dB is tolerable, it is necessary to increase the vent size

of the ear mould, such that the sound preésure at the eardrum decreases with 10

dB.

From the predetermined vent effect chart in Fig. 9, it can be seen that an effective
vent diameter of 1.8 mm (not shown, but will be placed just above the 2 mm curve
in the figure to the left, with its end point at —20 dB) gives a 20 dB reduction in the
lowest band. However, since the occlusion effect is measured with the same plug
as the feed back test, and thereby the effective diameter, the 20 dB reduction was
not enough. A further reduction of 10 dB is required to make the measures

occlusion effect go from 15 dB to 5 dB. In the chart in Fig. 9, it can be seen that an



7. The hearing aid according to anyone of the
precedi ng clainms, further conprising detection neans
bei ng adapted to deternm ne whether in at 1east one

wé SRbENRs¥% band the sound |evel of the secondpifirdoosesizs
signal 1s larger than that ,of the first input signal

in the neasurenent node and if this is the case to

classify the input signals as valid for occlusion

effect calculation. 29 8. The hearing aid acco g
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on the screen during a pre-fitting or fitting situation.

In summary, there are provided hearing aids and methods suitable to enable a
more accurate vent size determination taking the occlusion effect or directly
transmitted sound into account, thus giving as resuft a more convenient listening

feeling to the user.

According to embodiments of the present invention, systems and hearing aids
described herein may be implemented on signal processing devices suitable for the

same, such as, e.g., digital signal processors, analogue/digital signal processing



converting said first and second input signals into
first and second band-split input signals,
respectively, in a plurality of frequency bands

“ﬁﬂﬁ%ﬁﬁféz‘&g at | east one frequency band bel oWwerEp2006/06512
approximately 1 kHz; and 30 calculating at |east a

one occlusion effect or directly transmtted sound
value fromthe difference between the sound | evel s of
sai d second and first band-split input signals of the
systems deduding Belff peegracynabimgatecircaysdppiowi stanadry progagsors, or
T A i t i ' - ej i
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13. The had _according to claimll. wherejn sai
sorfepath codEveampiriend Bhheenda Ahpalittiorbs s§fed papon

of a user and of a second hearing aid for the other

ear of the user for occlusion effect measurenen

Hequng aids, §uthpdsi systemspand othegsiervices agepieing: ogempodigiepts of
y . Wpt o f ‘
theyrESnt Hferth frl o0 i IbRRHEedth 4 sulibie3iigha? 86ARFbrocessing
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audSBE: e flpenBePin 1-SAfthg AR IRe THARSYs BRBSIARG tN%he present
invention may also be implemented in a computer program containing executable
program code executing methods according to embodiments described herein. if a
client-server-environment is used, -an embodiment of the present invention
comprises @ remote server computer which embodies a system according to the
present invention and hosts the \;;r‘_wmputer program executing methods according to
the present invention. According to another embodiment, a computer program
product like a computer readable storage medium, for exampie, a floppy disk, a
memory stick, a CD-ROM, a DVD, a flash memory, or any other suitable storage

medium, is provided for storing the computer program according to the present

invention.

According to a further embodiment, the program code may be stored in a memory
of a digital hearing device or a computer memory and executed by the hearing aid
device itself or a processing unit Jike a CPU thereof or by any other suitable

processor or a computer executing a method according to the described

embodiments.

Having described and illustrated the principles of the present invention in
embodiments thereof, it should be apparent to those skilled in the art that the
present invention may be modified in arrangement and detail without departing from
such principles. Changes and modifications within the scope of the present
invention may be made without departing from the spirit thereof, and the present

invention includes all sucH changes and modifications.



second input signal is larger than that of the first
i nput signal in the neasurenent node; and if this is
the case, classifying the @&l cul ated val ue as
occl usion effect value. 15.The nethod according to
claim 14, further conprising: if in said detecting
step it is detected that the second input signal in
at | east one frequency band is smaller than that of
the first input signal, classifying the cal cul ated
value as directly transmtted sound value. 31 16.
cLAIMBe nethod according to claim 14 or 15, further
conprising: - disregarding tine sanples of first and
second input signals if in said detecting step it is

1. %ﬁh@gﬁﬁdﬂ atdl¥et insiutoRRERA ditvebr @feciRiidns®ed dolmptieasurement,
si gnal bel ow a noise limt¢
wherein sald hearing aid is adapted to switch between a normal hearing aid mode and a
measurement mode and comprises:
- at least one first microphone being adapted to generate a first input signal from
sounds external to a user of the hearing aid;
-  at least one signal processing means;
- areceiver,
; . a second microphone being adapted to generate a second input signal from sounds in
the occluded ear of the user,;
- atleast one band spli filter, and
wherein in said normal hearing aid mode said signal processing means is adapted
to generate a hearing loss compensated electric output signal from said first input signal,
and said receiver is adapted to produce an acoustic output signal from said electric
output signal; and
wherein in said measurement mode said band spilit filter is adapted to convert said
- first and second input signals into first and second band-split input signals, respectively, in a
plurality of frequency bands comprising at least one frequency band below approximately 1
kHz, said receiver is silent and said signal processing means is adapied to produce at
least one occlusion effect value or at least one directly transmitted sound value from the
difference between simultaneously generated sound levels of the second and the first

band-split input signals of the at least one frequency band below approximately 1 kHz.



17. A nethod for fitting a hearing aid to a user,
conprising: neasuring at |east one occlusion-effect
value for said user wearing’said hearing aid with the
nmet hod according to one of clains 11 to 16 by
occluding the ear during in-situ occlusion effect
measurenent; lifting said hearing aid based on said
at | east one occlusion effect value. 18.The nethod
according to claim117, wherein.sa
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gain. 19. A nethod for vent size deternmination for a
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HealiRe =itS Slither comprising a probe tube having a first end being coupled to

said second microphone and a second end being inserted into the ear canal of

the user, and being adapted to propagate sounds in the occluded ear to the

second microphone.

The hearing aid according to claim 1, wherein said hearing aid is a in-the-ear or
completely-in-the-canal hearing aid and said second microphone is a buitt-in

microphone at a receiver side of the hearing aid.

A hearing aid comprising a pair of a first hearing aid for one ear of a user and a

second hearing aid for the other ear of the user for occlusion effect or directly

transmitted sound measurement, wherein at least said second hearing aid is

adapted to é.witch between a normal hearing aid mode and a measurement mode and

said first hearing aid comprises:

- at least one first microphone being adapted to generate a first input signal from
sounds external to a user of the first hearing aid;

- at least one first signal processing means;

- afirst receiver;

- afirst band split filter; and

wherein said second hearing aid comprises:

- atleast one second microphone;

- atfeast one second signal processing means;

- asecond receiver;

- asecond band spilt filter; and

wherein in said normal hearing aid mode at least said first signal processing means is

adapted to generate a hearing loss compensated electric output



carrying out the nmethod according to one of clains 11
to 16 for calculating the occlusion effect for the
user wearing the prospective hearing aid;;
determining the vent size for said hearing aid based
on the cal cul ated occlusiog effect. 20. The nethod
according to one of clains $7 to 19, wherein the ear
of the user is occluded by a soft plug inserted into
the ear canal of the user. 21. The nethod according
to one of clains 17 to 20, wherein determ ning or

cal culating said vent size conprising: neasuring at

| RAST fr N Caild RO RE sEHACIALE 1©fst S84 Arad RREGIVBEIsRidEpted to produce a
first acoustic output signal from said electric output signal; and wherein in said
measurement mode said second microphone is adapted to generate a second input
signal from sounds in the occluded ear of the user, said first and second band split filters
are adapted to convert said first and second input signals, respectively, into first and
second band-split input signals in a plurality of frequency bands comprising at least one
frequency band below approximately 1 kHz, at least said second receiver is siient and
one of said first or second signal processing means is adapted to produce at least one
occlusion effect value or at least one directly transmitted sound from the difference
between simultaneously generated sound levels of the second and the first band split

input signals of the at least one frequency band below approximately 1 kHz.

The hearing aid according to anyone of the preceding claims, further comprising a
calculation means being adapted to calculate at least one occlusion effect or directly

transmitted sound value.

The hearing aid according to anyone of the preceding claims, further comprising
detection means being adapted o determine whether in at least one frequency band the
sound level of the second input signal is larger than that of the first input signal in the
measurement mode and if this is the case to classify the input signals as valid for

occlusion effect calculation.



10.

11.

32 estimating an effective vent size for said
hearing aid by determ ning that vent size as said

ef fective vent size that provides the best fit

bet ween a .nunber of predeterm ned transfer function
val ues and the neasured transfer function;

cal cul ating the vent effectgcorresponding to the said
effective vent size, and a nunber of other vent

sizes; determning the preferred reduction in
occlusion effect in at |east one band, such that said
occlusion effect is below 8 dB in at |east one band;
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by a user in a fitting situation, conprising: a data

thgcﬁéc‘a%nagaiaygctcgmingaw anyone of the preceding claims, further comprising

a soft plug insertable in the ear canal of the user for measuring the occlusion

effect in a fitting situation.

A method for in-situ occlusion effect or direct transmission sound measurement
by means of a hearing aid having at least one first microphone for generatihg‘a
first input signal from sounds external to a user of the hearing aid and a
receiver, wherein said method provides switching said hearing aid between a normal
hearing aid mode and a measurement mode and comprises the steps of:

- generating a hearing loss compensated ottput signal from said first input signal

output by the receiver in said normal hearing aid mode;

- switching said hearing aid from said normal hearing aid mode into said measurement

. mode, causing said receiver to be silent, and carrying out the following steps:

- simultaneously generating said first input signal and a second input signal,
wherein said second input signal is generated by a second microphone from
sounds in the occluded ear of the user; _

- converting said first and second input signals into first and second band—split
input signals, respectively, in a plurality of frequency bands comprising at least

one frequency band below approximately 1 kHz; and
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13.

14.

15.

a conmputer program which when executed on said data
processi ng system enables the systemto carry out a
nmet hod according to one of clains 11 to 22. 25. The
system according to claim24, further conprising a
dat al ogger. 26. The system_according to claim 24 or
25, further conprising visUalization nmeans. 33 27. A
conmput er program conprising executabl e program code
whi ch, when executed on a conputer, executes a mnethod
according to one of clainms 11 to 22. 28. A conputer
program product containing a conputer readabl e,

medj u %Igﬁlgﬁh e&f‘i’éé'é{ G ScREBH BBt %P@%c%ir&rﬁmlﬁ&!%und value from the
execut e nput er, executes a net hod accori
t o ondifigfenegy tgghwn 1l1e qun@ kevels of said second and first band-split m%ut signals of

the at least one frequncy band below approximately 1 kHz.

The method according to claim 11, wherein said receiver is used as said second

microphone generating said second input signal in said measurement mode.

The method according to claim 11, wherein said method uses a pair of a first hearing aid for
one ear of a user and of a second hearing aid for the other ear of the user for occlusion effect
measurement, wherein said first input, signal is generated by said first and said second input

signal by said second hearing aid.

The method according to one of claims 11 fo 13, further comprising:
- detecting whether the sound level in at least one frequency band of the
second input signal is larger than that of the first input signal in the measurement

mode; and
- ifthis is the case, classifying the calculated value as occlusion effect value.

The method according to claim 14, further corhprising:
- ifin said detecting step it is detected that the second input signal in at least one frequency
pand is smaller than that of the first input signal, classifying the calculated value as directly

transmitted sound value.
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20.
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The method according to claim 14 or 15, further comprising:
- disregarding time samples of first and second input signals if in said detecting step it is

detected that said sound level of said second input signai is below a noise limit.

A method for fitting a hearing aid o a user, comprising:
- measuring at least one occlusion effect value for said user wearing said hearing aid with

the method according to one of claims 11 to 16 by occluding the ear during in-situ

occlusion effect measurement;
- fitting said hearing aid based on said at least one occlusion effect value.

The method according to claim 17, wherein said step of fitting said hearing aid comprises at

least one of the steps:
- caleulating the size of a vent of a customized plug for said hearing aid; or

- calculating a hearing aid gain.

A method fdr vent size determination for a hearing aid by means of in-situ occlusion effect

meésurement, comprising:

- providing an ear of a user with a prospective hearing aid and occluding said ear of the user;

- carrying out the method according to one of claims 11 to 16 for calculating the occlusion
effect for the user wearing the prospective hearing ai.d;; A

- determining the vent size for said hearing aid based on the calculated occlusion

effect.

The method according to 6ne, of claims 17 1o 19, wherein the ear of the user is occluded by a

soft plug inserted into the ear canal of the user.

The method according to one of claims 17 to 20, wherein determining or calculating said
vent size comprising:
- measuring at least one transfer function of said hearing aid;
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- estimating an effective vent size for said hearing aid by determining.that vent size as said
effective vent size that provides the best fit between a number of predetermined transfer
function values and the measured transfer function;

- calculating the vent effect corresponding to the said effective vent size, and a number of

other vent sizes;

- determining the preferred reduction in occlusion effect in at least one band, such that said
occlusion effect is below 8. dB in at least one band;

- using the information provided by said calculated vent effect to determine a second effective
vent size, which has a vent effect which corresponds to the said prefered reduction in

occlusion effect; and ,
- using said second vent size as a recommendation for vent modification” to obtain an

occlusion effect which is convenient for the user.

The method according to claim 21, wherein said transfer function is & measured feedback test

or a measured directly transmitted sound.

A hearing aid comprising a vented customized ear plug, wherein the size of the vent of said

ear plug is determined by using a method according to one of claims 18 to 22.

A system of in-situ occlusion effect measurement by use of & hearing aid according to one
of claims 1 to 10 worn by a user in a fitting situation, comprising:

- adata processing system; and

- a computer program, which when executed on said data processing system enables the

system to carry out a method acéording to one of claims 11 to 22.
The system according to claim 24, further comprising a datalogger.

The system according to claim 24 or 25, further comprising visualization means.
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A computer program comprising executable program code which, when executed on a

computer, executes a method according to one of claims 11 to 22.

A computer program product containing a computer readable, medium with executable program

_code which, when executed on a computer, executes a method according to one of claims 11

to 22.



